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EUSTIS DIRECTORATE POSITION STATEMENT

This report is presentsd in twc volumes. Volume | provides a discussion of the purpose
objective of the study togethur with . description of the design and fabrication

the results of a G-month field service evaluation. Volume Il is the instruction

the bonded field-replacesble rotor blade pocket.

3

definition of improved field repairability of helicopter rotor blades. USAAMRDL
Technical Report 72-60, dated February 1973, describes the field-replacesble pocket
concept that was evaluated under this contract.

This report has been reviewed by the Eustis Directorate and is considered to be technically
sound. Specifically, the metal-to-metal bonding technique described in the report is
believed to represent a significant technical achievement and indicates that metal blade
field repairs can be much more extensive than presently allowed by Army maintenance
practices. This Directorate is currently planning 2 program to examine nonpocket metal
biade field repairability limits and preferred repair niques; initiation is scheduled for
late FY 76.

The vchnical monitor for this contract was Mr, 'E. Condon of the Military

Operations Technology Division.

The findings in this report sre not to be construed ss an miclﬁ ‘Army position unless so
designated by other suthorized documents.

When Government drawings, specifications, or other data are
with s definitely relsted Government procurement operation, the Government thersby incurs no
responsibility nor any obligation whatsoever; and the fact that the G n may have formulated, furnished,
or in sny way supplied the ssid drawings, lpoemmlom or other deta”’is not to be regerded by implication or
otherwise es in eny menner licensing the hpider or any other person or corporation, or conveying sny rights or
permission, to menufacture, use, or sell any patented invention that mey in eny wey be related thersto.

other than in connection

Trade names cited in this report do not constitute an officlsl sndorsement or approval of the uss of such
commercial herdwere or softwers.

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the originator.
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is effort is one of several related activities conducted by this Directorate leading to the
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PREFACE

The bonded field-replaceable rotor blade pocket program was performed
under Contract DAAJO2-T3-C-0076 with the Eustis Directorate, U. S. Army
AMr Mobility Research and Development Laboratory, Fort Eustis, Virginia,
Project 1F163204DB38, and was under the general technical direction of
Thomas Condon of the Military Operations Technology Divisio:.. of the Eustis
Directorate. This is a follow-on effort to Reference 1, the purpose of
both programs being to obtain more cost effective blades by installing
blade pockets in the field.

Sikorsky's principal participants were George Capowich, Plerce A. Meck,
Barry W. P. Stocker, Harold Jacob, Lawrence A. Russell and James T. Macomb
from the Engineering Department, Robert S. Pavlech and John K. Duban from
the Manufacturing Engineering Department, and Joseph Ozelski, Walter J.
Spader, Kenneth G. Olin, Robert F. Maglione, Edward Teixeira and John
Drzyzek from the Manufacturing Department. John A. Longobardi from the
Engineering Department was the team program manager. The program was under
the general supervision of Peter J. Arcidiacono, Rotor System Section Head.
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INTRODUCTION

This report includes the results of design, fabrication and testing of
field-replaceable pockets for CH-54B main rotor blades. ese pockets
were designed to be installed in any position along the blade spar by Army
maintenance personnel in the field. The purpose of the program was to
estimate the potential savings to the Army by eliminating the time and
cost to return a damaged blade to an overhaul depot, reducing the number of
spare blades,and increasing the availability of aircraft.

This is the second of two programs on field replaceable pockets . The first
study, Reference 1, was also conducted by Sikorsky Aircraft,demonstrating
the feasibility of the concept. A universal pocket was developed, fabri-
cated and tested under that program,indicating the structural suitebility

of the pocket. An adhesive for bonding on these pockets at ambient tempera-
tures was also developed under this contract; the adhesive was environmen-
tally tested,and both pocket and adhesive were successfully subjected to
proof load and fatigue tests.

The present field-replaceable pocket program is a continuation of the pre-
vious study; it made refinements and simplifications to the original pocket
design and developed a newer, tougher adhesive. In addition to environ-
mental tests on the new adhesive, proof load and fatigue tests were con-
ducted on the new pocket and adhesive. Whirl tower tests and a flight test
program were also conducted. Results showed that the pocket and adhesive
were suitable for field use.

The program included development of a pocket repair kit containing essential
components required to make a field repair and a field pocket repair in-
struction manual to facilitate installation by Army maintenance personnel.
The bonding fixture tool of Reference 1 was simplified by eliminating some
of the components and improved by adding the feature of multiple pocket
replacement.

Trial installation of field-replaceable pockets was accomplished on CH-54B
blades at Sikorsky Aircraft by Army maintenance personnel. After refine-
ments were made to the field repair instruction manual, field-replaceable
pockets were installed by Army personnel at Fort Wainwright, Alaska,and
Fort Eustis, Virginia.

The final portion of the study included a cost analysis comparing the dif-
ference in cost between repairing CH-S4 main rotor blades at the factory
and main rotor blades repaired in the field with field-replaceable pocket
kits.
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FIELD-REPLACEABLE POCKET INVESTIGATIONS

DESIGN SELECTION - EWR 38633 POCKET

The purpose of this investigation was to optimize the existing universal
pocket and to simplity or eliminate the shims and spacers develoned under
the previous study, Reference 1. The EWR 38633 pocket selectzd for the
progiam was the result of several pocket configurations investigated. The
conclusion was based on a trade-off of weight, complexity of field repair,
structural integrity, and cost. All the designs investigated, including
the universal pocket of Reference 1, are discussed below.

The feature of the EWR 38633 pocket is that it opens in a sciscors fashion
and is adjustable, thereby eliminating the side shims required with the
universal pocket. It consists of aluminum outer skins and ribs with a tri-
angular core of honeycomb in the aft portion of the pocket (Figures 1 and
2). Six ribs or{U-shaped channels) are structurally bonded to each panel
skin. The two halves are then bonded together with the honeycomb core to
form the pocket. The pocket is designed to the mean chordal thickness:

i.e., outl~ard, the pocket is closed 1/8 inch for tonding to the spar;
inboard, it is opened 1/8 inch for bonding to the spes. Therefore, this

one pocket can be utilized at any position. All components except the -103
angle are bonded together with Hysol's Adhesive Tape EA 9602.3, at 250°F
and 50 psi. The tape is used because it has high strength in shear and peel
and is more convenient for assembly of many components. The tape weight is
also closely controlled. The -103 leading-edge angle was installed with
room temperature Hysol EA 9320 as a secondary operation to allow for removal
of tooling from the primary bonding operation. The EA 9320 also has high
sheer and peel strength and is the adhesive used for installing replsceable
pockets in the field.

OTHER DESIGNS INVESTIGATED

The universal pocket developed under Reference 1 was considered as the
first design since considerable development had already been expended in
the previous program. The design is simple, being very similar in con-
struction to the production pocket. The only difference in design is that
one-half of each outer skin is left unbonded for installation of side shims
as required along various positions on the blade spar (Figure 3). Proof
load and fatigue tests conducted under the original contract also indicated
that this design was a valid approach.

However, there were some undesirable features of the universal pocket
design. The primary cbjection was that the side shims required with this
design complicated installation of the pocket. It required that up to two
shims had to be installed during assembly. This is in addition to the ex-
isting backwall spacers which are required to maintain constant chordwise
dimension. Having both side shims and backwall spacers increased the like-
lihood of error in meking the proper selection of shims or spacer. This
design also doubled the task and time for assembly; it required adhesive
on the side shims and pocket sides in addition to the reguler adhesive on
the back of the spar and front sides of the pocket. It increased the

9
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possibility of improperly applying the adhesive and aligning the shims in
place over the pocket ribs. Later experience in the program showed that
the time element in applying the adhesive was extremely important. Any
elimination of shims or specers decreased the time to apply the adhesive
and consequently enhanced tne installation procedure. The shim and addi:
tional adhesive required increased the weight, especially on the inboard
pockets, reducing the number of pockets replaceasble on any blade.

All other designs investigated stressed elimination of the side shims. The
first design (Figure 4) consisted of solid aluminum inner and outer skins
sandwiched with complete blocks of nomex honeycomb core. This design was
fabricated with soft tooling to obtain an actual weight and also to illus-
trate the scissor-type concept. Upon cumpletion of fabrication, the pocket
was shown to be feasible because it could be installed in any position on
the backwall of the spar. The design was also structurally sound but was
prohibitive because it was twice the weight of the present production
pocket. The second design (Figure 5) was also fabricated with soft tooling.
It was essentially the seme as the first aluminum design except that
sections of the honeycomb and the inner skins were removed to reduce pocket
weight., The final weight was slightly higher than that of the production
pocket. However, because it was representative, the pocket was proof loaded
and failed at 900 1b. Investigation showed that reinforcement was needed
at the trailing edge of the pocket to transfer shear load from one side

panel to the other. A third design, Figure 6, consisted of inner and outer
fiberglass skins filled with honeycomb core. Based on the proof load test
of the second design (Figure 5), a triangular block of honeycomb was in-
serted in the third design (Figure 6) in the trailing edge of the pocket
for shear load transfer. However, analysis showed that this design was not
only heavy but also would be more expensive to fabricate than the aluminum
skin/rib construction. Consequently, no trial fabrication was made of this
configuration. Another design (Figure 7) was an all-aluminum channel/rib
design. It consisted of two outer skins and eight inner channels equally
spaced, acting as ribs. This was as light as the EWR 38633 design; however,
analysis showed that because the inner leg of the ribs was unsupported, war-
rage could occur at low proof load. Consequently, no further effort was
made toward this design,

TRADE-OFF

A comparative analysis of the six different configurations is presented in
Table 1. The EWR 38633 was selected because it was structurally adequate
and represented the lightest weight solution. The method of fabrication

is fairly inexpensive, and the aluminum material and small amounts of nomex
core represented small costs. It was estimated that the cost of this pock-
et design would be very close to the cost of a production pocket. The
scissors action of the pocket allowed universal replacemen: and yet main-
tained close airfoil contour along any position on the spar. Figures 5 and
T closely approach the EWR 38633 design except that structural reinforcement
is necessary to strengthen each configuration. Material can be easily
added to these designs, but then it becomes a weight problem. The greater
the weight of the replaceable over the production pocket, the fewer the re-
placeable pockets that can be installed on any one blade because of span-
wise and chordwise maments, pitching moments, and track considerations.

14
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3ACKWALL SPACERS

In addition to eliminating the side shims to siuplify replaceable pocket
installation, efforts were also made to eliminate the backwall spacers by
simply moving the pocket up against the back of the spar. This would pro-
vide s blade with & %-in. sharter chord in the areas of the #2, #3 and #k4
pockets and a 1/8-in. shorter chord for pockets #5 through #8. Aerodynamic
anelysis was performed to determine chenges in performance, if any. It was
concluded that there would be negligible effect in 1ift, out-of-track and
pitching moment due to chord shortening. However, it was decided to reject
this idea because it did not eliminate the requirement for half backwall
spacers at pockets #5 and #9. In addition, the bonding fixture was designed
for multiple pocket replacement, which requires that the pockets line up at
the trailing edge. Lastly, there was the possibility that having a pocket
that did not line up with adjacent pockets during installation might tend to
confuse the installer more than having a backwall spacer.

Another way to eliminate backwall spacers was to design the front of the

replaceable pocket with an adjustable plate which could be moved forward

and backward to compensate for the 1/8.in. and 1/b-in. differences on the
spar backwall. This concept required an adjusting mechanism with screws;
it resulted ir a complicated and heavy solution and consequently was dis-
carded. Based on the above investigations, it was decided that the backwall
spacer was the most practical approech et this time.

The backwall spacers designed for the EWR 38633 field-replaceable pocket are
shown in Figures 8 and 9. They consist of a .012-in.-thick aluminum strip
that extends the spanwise length of a pocket. The side of the spacer that
adjoins the pocket has bonded-on phenolic strips to provide the 1/8-in. an¢
1/bin. space required to align the pocket requiring a spacer with the blade
trailing edge. The phenolic strips are bonded to the aluminum with EA 9320,
the field kit proposed adhesive. The spacer is provided with a flange as
shown on Figure 9. The flange on the aluminum strip serves two purposes.
Primarily, it supports the pocket skins at the spar back corner. It removes
the unsupported area that occurs when the pocket is moved back either 1/8 -
in. or 1/4-in. away from the spar. The added support feasibly increases
the life of the pocket in fatigue. Secondly, the flange virtually elimin-
ates any possibility of the spacer being installed backwards and it becomes
obvious to any installer that the spacer must be placed with the flange
over the spar.

Figure 8 shows the 1/8-in. spacer; the 1/b.in. spacer is identical except
that it has thicker phenolic blocks. The field kit would contain one each
of the above spacers. Although not shown, perforations would be provided
at the center of the aluminum strip to allow for separation in the event
half spacer is required. These two spacers should suffice for any cambina-
tion of backwall spacers required for repair.
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ANALYSIS

The structural analysis of EWR 38633 field-replaceable pocket consisted of
j weight estimation, location of pocket center of gravity, crippling of the
E pocket skin at the spar backwall, bending of the -106 and -107 stringers

‘ and skin panel flutter. The critical analysis was estimating the differ-

: ences in weight and center of gravity between the replaceable and produc-

4 tion pockets to arrive at deltas in spanwise, chordwise and pitching
moments and blade track. Sufficient analysis was performed to indicate
that the pocket was structurally sound. Static and dynamic tests conducted

later corroborated the analysis.

‘ The analysis for aerodynamic effects due to pocket contour variation was
established in Reference 1., It was shown that small differences in air-
foil contour between the universal and production pockets resulted in neg-
ligible effects in aerodynamic performance. EWR 38633 Revisions C and D
field-replaceable pockets installed on CH-5UYB blades at Sikorsky and in the
field had similer small differences in contour (.010 to .020 inch).
Consequently,it was considered that there would be no noticeable differences
in serodynamics,and it was later borne out by flight test.

. POCKET FABRICATION

One-hundred EWR 38633 field-replaceable jockets were fabricated. The first
T1 pockets were fabricated to EWR 38633 Revisicr C, Figure 2, a two-piece
outer skin. Because of the possibility of bond separation when tabbing of
pockets was required to trim a blade and also to simplify and obtain a
better structure, the last 29 pockets were fabricated with one-piece outer
skins, EWR 38633 Revision D. Five of the new pockets were utilized for
tool and bond tryout and proof load tests. The remaining 24 pockets were
‘ packaged in kits for field service evaluation: 10 pockets each were in-

; stalled on blades at Fort Eustis, Virginia,and Fort Wainwright, Alaska.
The other 4 pocket kits will serve as spares, 2 each for Fort Eustis and
Fort Wainwright.

AT

The total distribution of pockets fabricated for Revision C was: U pock-
5 ets for tool and bond tryout, 20 pockets for proof load tests, 30 pockets
for fatigue tests,and 17 pockets for whirl and flight test at Sikorsky

¢ Aircraft. The pockets fabricated to Revision D were: 3 pockets for tool
3 and bond tryout, 2 pockets for proof load tests,and 2 pockets for field

; flight test evaluation.

BONDING FIXTURE TOOLING

; The bonding fixture tool (Figure 10) designed for the field-replaceable

L ' pocket is the same in principle as the 6405-15011 bonding fixture. The

i bungee cord concept to obtain pressure has been retained because it is a
practical and an economical approach and can be easily installed over a
pocket repair. The bonding fixture of Figure 10 has been simplitied by
reducing the side aluminum bars to two pieces. The original bonding fix-
ture had six aluminum bars because of the requirement tor bonding the
pocket skins to the ribs and side shims. With the new design, without the

23
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requirement for side shims, pressure is required only at the spar side
walls, therefore, aluminum bars are required only at the spar side
walls.

The tool has also been improved by making provisions for multiple pocket
bonding. This has been accamplished by adding projecting angles on one
side of the front bar -043 Bar Assy and a projecting channel on one side
of -0bk Channel Assy. The two projections allow for two or more bonding
fixtures to be interlocked to provide for multiple pocket repair.

It was noted during installation of pockets in the field that additional

refinements could be made to the tool to enhance pocket-to-spar bonding;
these are discussed under conclusions.
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Figure 10. Continued.
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ADHESIVE ENVIRONMENTAL QUALIFICATION TESTS

BACKGROUND

Several ambient temperature curing adhesive systems were investigated as
candidates for field pocket-to-spar bonding under Reference 1, Hysol

EA 9302.9 was selected out of two eventual adhesives subjected to environ-
mental, proof load and fatigue tests. One of the tasks under this contract
was to perform the same environmental qualifications tests to evaluate a
nevw adhesive, Hysol's EA 9320, and to compare its shear and peel strength
to the existing Hysol EA 9302.9. Another task was to estimate the

time to cure the adhesive to obtain minimum acceptable shear and peel

values.

Hysol EA 9320 was selected as the final adhesive based on the results of
the following tests.

TEST PROCEDURE

To perform the tests, shear and peel specimens were fabricated per Figures
11 and 12. The aluminum panels were processed through the production chro-
mic acid anodize line. This included degreasing, deoxidizing, and alkaline
cleaning prior to anodizing. After anodizing, the panels were oven dried

at 135°F and primed with nitrile-phenolic primer per production procedures.

The finished specimens were to represent a bond formed "in the field" when
a replacement pocket is bonded to a blade spar that is still coated with
residual adhesive. In production, nitrile-phenolic.primed skins and ribs
were bonded together, at 350°F for 1 hour. Therefore, one-half of all the
primed panels were subjected to a heat cure of 350°F to represent the
pocket skin. The remaining half of the panels had the production nitrile-
phenolic adhesive bonded to them at 350°F to represent the residual adhe-
sive found on the spar when a damaged pocket is removed. The camplete
specimen was composed of one heat-cured primed panel and one adhesive-
coated panel assembled with the candidate adhesive.

To prepare the panels for bonding, the residual adhesive was lightly sanded
with #80 grit paper and given a methyl ethyl ketone (MEK) wipe to remove
loose particles. The primed panels were given an MEK wipe immediately
prior to assembly with the candidate adhesive. Pressure for bonding was

5 psi. The specimens were assembled under the following temperature and
humidity conditions:

Condition 1 100°F and 85% RH
Condition 2 75°F and 50% RH
Condition 3 L4OOF and 20% RH

Prior to coating the panels with the candidate adhesive, the panels and
fixtures were subjected to the required temperature/humidity condition
until equilibrium was established. The panels were then coated with ad-
hesive and assembled in the test fixtures (Figure 13). The length of time
required for the candidate adhesive to produce a shear strength of 1000 psi

5 Preceding page hlank

e



5.12

e 3.3 — o — |2
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TOOLING HOLES OPTIONAL

D5
L
L1

OO\V 1.000
l/],- .

MATERIAL: QQ-A-250/11
AL. ALLOY 606:-T6
.020 THICK, NOMINAL

DIMENSIONS IN INCHES

TOLERANCES :
* 4 .03 2-PLACE DECIMAL
4 .010 3-PLACE DECIMAL

L

¢ Figure 12. "T" Peel Specimen.
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and peel strength of 10 pounds per lmnch of width was established for each
cure condition. The cure time required to reach minimum acceptable
pocket bonding requirements is presented in Table 2. All specimens were
tested at room temperature within 20 minutes of curing.

TEST CONDITIONS

A minimum of 108 peel and shear specimens of the candidate adhesive system
were fabricated and tested at the following conditions:

54 Peel Tests for Each Adhesive

18 fabricated at +100°F and 85% RH
6 tested at -67OF .
6 tested at Room Temperature + 75
6 tested at 180CF

18 fabricated at +75°F and 50% RH
6 tested at -67°F

6 tested at Room Temperature +75°
6 tested at 180°F

18 fabricated at +4OCF and 20% RH
6 tested at -6T°F

6 tested at Room Temperature +75°
6 tested at +180°F

54 Shear Tests for Each Adhesive

18 fabricated at +100°F and 85% RH
6 tested at -67°F
6 tested at Room Temperature +75°
6 tested at +180°F

18 fabricated at +75°F and 50% RH
6 tested at -67°F
6 tested at Room Temperature +75°
6 tested at +180°F

18 fabricated at +40°F and 20% RH
6 tested at -67°F

6 tested at Room Temperature +75°
6 tested at +180°F

TEST EQUIPMENT

A Conrad Missimer environmental test chamber was positioned between the
tension grips of a Riehle testing machine with the grips extending inside
the test chamber. A test specimen was installed in the tension grips, the
test chamber was brought to the required test temperature, and the specimen
was allowed to sosk at tewperature for 3 minutes. The load was applied at

34
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the rate of 1,200 to 1,400 pounds per square inch per minute until failure
for overlap shear specimens and a jaw separation rate of 3 inches per minute
for peel specimens.

TEST RESULTS

The test results are presented in Table 3. All values are an average of a
minimum of six specimens. The length of time that specimens were cured
prior to testing varied with each cure condition and was established after
the cure time required to reach minimum acceptable requirements was known.
At 100°F specimens were cured for 2 hours, at 75°F they were cured between
16 and 20 hours, and at 40°F they were cured for 58-62 hours. In ell cases
the specimens were tested within 20 minutes of curing.

Specimens cured at 75°F and L40°F vere not fully cured intentionally prior
to testing, but were tested to obtain values that would represent pocket-
to-spar bonds made, cured,and flown within the shortest possible time.
Specimens fully cured at these temperatures would have higher values when
tested at 75° and 180°F and would approach the test values shown when the
adhesive was cured at 100°F.

On the shear and peel specimens tested at -67°F the failure mode was the
residual adhesive to the metal; this is the ultimate that can be expected
at this test temperature. At +75°F and +180°F the failure modes were co-
hesive in the candidate adhesive in that the ca.ndidate adhesive failed to
the residual adhesive.

SELECTION OF HYSOL EA 9320

The values of EA 9320 appearing in Table 3 were replotted in Figures 1l
and 15 to show peel and shear comparisons with the EA 9309.2 adhesive de-
veloped under Reference 1, Figure 14 indicates that the shear strength
of EA 9309.2 is higher for some of the cure conditions. However, the peel
strength of EA 9320 adhesive as shown in Figure 15 is considerably higher
than EA 9309.2 for all environmental conditions tested.

A comparison was also made of minimum cure time to obtain acceptable pocket
shear and peel bonds with both adhesives. Figure 16 shows that the EA 9320
adhesive requires approximately 15% less cure time than EA 9309.2 to obtain

the 1000 psi minimum shear strength for both environmental conditions. The
10 pounds minimum peel cure time for EA 9320 at the T5°F and 50% RH ~ondi-
tion is approximately one-half the time required for 9309.2; the adhesives
require virtually the same cure time at 40% and 20% RH. It can also be
seen from the plots that at 1000 psi minimum shear, the peel strength is

25 pounds (75°F and 59% RH) and 10 pounds (40© and 20% RH) at 4 hours and
43 hours respectively for the EA 9320 adhesive.

It is estimated that both adhesives would be suitable for field application.
However, the much higher peel strength of the EA 9320 adhesive is a very
desirable property because it is an indication of the adhesive toughness
and should result in higher fatigue strength. This factor should override
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EA 9320
EA 9309.2

40°F and 20% RH
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Figure 15. Comparison of EA 9320 and 9309.2 Peel Strength.



‘amty 2an) a1qe1doody JIBvOYUS PUB T894 WNWTIUTH

*9T 2amITg

Iy ¢ xeayg
oL 09 0S En Of o€ 02 0T 1 ©
.“. L L L i L <L [l L Q
¥ ¥ T T T
(92 ]
(=3
- Looor &
T 2]
\1 92}
” _ 5
HY %02 PU® 4 0 [ 5
o e
- 7 +oo0z g
- =
w
[
-+ 000€E
I
1 ag n.H_Uﬂnm
oL 09 0% on 0E o2 0T 0
; ; t t t f } \c
= e = = “f1 01 &
\hu\ﬂur‘l\‘“_l. ST =IN) =TqEldassy UNmTUTK T=3d / =
/1 toe &
HY 302 PU® J 0% / 3
4 0c &
: HY 305 PUe 4 Gl . 5
to =
T =

€°60£6 VI
02E6 v

— . — — —

T PSS e el S

L SIS b el Tl

it LU SR LY

i O T R e

b1




the higher shear strength of EA 9309.2. The faster curing time to obtain
minimum acceptable shear and peel strengths also favors EA 9320. Far these

¥ reasons, EA 9320 is being recommended as the adhesive for field-replaceable
) pockets.

L2




TP e con o o~ P TR

ADHESIVE PACKAGING OPTIMIZATION

TYPES OF PACKAGES

One of the tasks of this program was to evaluate the method of packaging
the adhesive (selected for field repair kits). All the adhesives investi-
gated for Reference 1, including the Hysol adhesive, were two-part

systems consisting of proportions of adhesive and catalyst. These adhesives
required mixing Just prior to use because of the short working life of the
adhesive. The two types of packaging that seemed most practical were:

f a) a kneading package (Figure 1T7)
§ b) a plunger type package (Figure 18)

These two types of packages were selected for evaluation because they were
both self-contained units; the adhesive and the catalyst were designed into
i one package separated by either a clamp (Figure 17) or a barrier (Figure
£ 18). In addition, both types of packages were fabricated from transparent
plastic; mixing could be accomplished in each package, with the clear plas-
tic providing visual means of estimating proper adhesive mix.

The kneading package is utilizedby simply removing the clamp which separates
the two components (Figure 17) and by squeezing the plastic package from
end to end with the fingers until the two camponents are mixed. The plung-
er type package is mixed by removing the clinch band located around the
outside of the tube and pressing the tube with the fingers to distort the
internal barrier separating the adhesive from the catalyst. The distorted
barrier allows the catalyst to mix with the adhesive when the dasher rod
is plunged in and out, for a number of strokes, until the adhesive is
mixed. The dasher rod is then removed by unscrewing and replaced by the
nozzle. The dasher rod is rescrewed into the opposite end of the container
and utilized as a plunger to extrude the mixed adhesive through the nozzle.

Since it was not known at the time of the investigation which adhesive would
be selected as the final adhesive, both Hysol EA 9309.2 and EA 9320 were
utilized to evaluate the methods of packaging.

; Fifty grams of Hysol's paste adhesive EA 9309.2 and EA 9320 were packaged
in the above types of packaging and were evaluated. The evaluation in-
cluded ease of mixing at room temperature and at LOOF, time to mix, color
differential for determining when it was properly mixed, ease of applica-
tion, cost, and the susceptibility of the package to damage.

i The results of the evaluation were as follows:

1. Both packages can be easily mixed at room temperaturej; however, plunger
3 packages were impossible to mix at LOCF. The dasher rod could not be
{ pulled through the cold resin whereas the thin kneading type packages
of adhesive were warmed by the hand and mixing was possible. These thin
packages of adhesive could be placed in a breast pocket or under an arm
Pit to be warmed by the body to facilitate mixing in a cold climate.
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2. Both packages can be thoroughly mixed in 6 to 8 minutes; however,
the kneading type package retains a thin film of base resin on its sur-
face and, although completely blended, gives the appearance of not being
sufficiently mixed. The working life of the mixed adhesive for either
type of package is 20 minutes.

§ 3. After mixing, the adhesive must be extruded from the kneading type

§ package into a separate open-mouth container (small cup) and then

{ brushed on the bonding surface. The plunger type can be applied with a
nozzle that allows the adhesive to be extruded directly on the surface,
and then,using the nozzle as a brush, it can be spread out over the bond
area. However, when hand pressure is used on the dasher rod of the
plunger package to extrude adhesive out the nozzle, back pressure begins
to force adhesive past the plunger at the back of the cartridge, and some
adhesive is wasted. In addition, using the nozzle results in excessive
adhesive on the pocket; in the spar area, it is not possible to apply a
smooth, even coat of adhesive but rather a heavy, uneven coat. This method
of packaging would reguire excessive adhesive to be applied to the blade
and could result in a blade balance problenm.

It became evident that, regardless of the type of adhesive package, the
field kit should be supplied with a small cup for the mixed adhesive and
a stiff bristle brush for applying the adhesive to the blade.

4. The kneading package is more economical,being approximately half the
price of the plunger type package.

5. It was discovered during handling that the thin curing agent of the
plunger type package could leak past the barrier and mix with and
harden the base resin. The kneading package was also susceptible to
leaks at the clamp.

6. It was noted that both adhesives had approximately the same consistency
and were camparable as far as mixing in either package.

Both methods of packaging needed some improvements. However, the diffi-
culty of mixing the plunger type package at YOCF was sufficient to eliminate
it as a field package. It appeared feasible that the kneading package
could be redesigned without leaking at the barrier; therefore, it was select-
ed as the method of packaging for the field-replaceable pocket.

Further refinements were made in packaging during the field installation;
these are discussed under field installation, page 110,
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FIELD REPAIR KITS

FIELD-REPLACEABLE POCKET KIT

The kit components necessary to replace one CH-54B main rotos blade pocket
in the field consist of:

1 EWR 38633 field-replaceable pocket

2 Rubber seals to seal ends of pocket

2 Pieces of 80-grit sandpaper to smooth and remove old adhesive on
spar

1 Plastic cup to contain adhesive

1 50-gram package of EA 9320 Hysol adhesive

2 Brushes to apply adhesive

2 Spatulas to mix adhesive

1 Pair of plastic gloves to avoid contamination of spar and pocket
after cleaning with alcochol

i Assorted shims to properly space pocket on blade during installation

2 Plastic scrapers to remove loose and old adhesive on spar

% Packet of cheesecloth to clean and apply alcohol to pocket, spar
and backwall spacers

1 Roll of masking tape to mask off nonworking area

2 Backwall spacers to align pocket trailing edge with adjacent pockets
for #1 thru #9 pockets only)

1 Field repair manual instructions to facilitate installation

1 Small bottle of cammercial grade alcohol solvent to clean pocket,
spar and backwall spacers

The field kit is comprised of two boxes: box number 1 contains all the
components except the alcchol, which is contained in box number 2. These
items are shown in Figure 19. They are sufficient to make one field repair.
The only additional requirement beyond the above compcnents is a wooden or
ravhide mallet to use in conjunction with the plastic scraper. The mallet
is a standard tool that is available in the field.

FIELD REPAIR MANUAL

The field pocket repair manual (Volume II of this report) has undergone
several revisions by actual field experimentation where service men in-
stalled a total of 35 field-replaceable pockets on blades at the Sikorsky
Aircraft Plant and in the field at Fort Wainwright, Alaska, and Fort Eustis,
Virginia. The manual contains all the illustrations and instructions
needed by a repairman to remove a production pocket and install a field-

replaceable pocket.

BONDING FIXTURE KIT

A bonding fixture kit is required to remove and install a field-replaceable
pocket. The bonding fixture kit consists of a bonding fixture tool and a

pair of commercial nippers (Figure 20). The nippers are used to remove tie
dameged pocket from the blade by following the directions and illustrat’ons
outlined in the instruction manual. The bonding fixture tool is installed

L7
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on th- .laede es a final operation to retain the field-replaceable pocket in
place while the adhesive is curing. The tool is designed with a rear chan-
nel to align the trailing edge of the newly installed pocket with adjacent
pockets while two hollow square tubes retain the leading-edge pocket skins
flush against the spar (Figures 10 and 21), The fixture is designed with
three bungee cords which provide pocket-to-spar pressure at the two sides
and backwall. The tool is reusable, capable of making an indefinite number
of repairs. For multiple pocket replacement, additional tools are
necessary.
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POCKET STATIC AND DYNAMIC TESTS

STATIC PROOF LOAD TESTS

Twenty-two pockets were proof load tested for the program. Three were
production pockets and the remainder were EWR 38633 field-replaceable
pockets. All pockets were assembled on spar specimens and tested in accord-
ance with the proof load test plans of Appendixes A and B. The equipment
and setup were the same as that utilized under Reference 1 to obtain com-
pareble data with the universal and production pockets of that study.

Test equipment used consisted of a Riehle tensile testing machine (60,000
1b capacity), a static loading fixture, a reaction support assembly fixture,
and a standard dial indicator for measuring deflection of the pocket, as
shown in Figures 22 and 23. The specimen was placed in the support assembly
fixture, which grips the spar on either side of the pocket and supports the
specimen in the test machine. The loading fixture was positioned on the
upper surface of the pocket, dist:ibuting the test machine applied load over
the surface of the pocket in accordance with the distribution of loads cal-
culated for the outboard pocket in Reference 1. A dial indicator is
placed to read the deflection of the pocket at the trailing edge under the
applied loads.

The final proof load results are shown in Tsble 4 and Figure 24 and are
discussed below.

The first three specimens consisted of production pockets installed with

one coating of EA 9320 adhesive. They were assembled and tested at ambient
temperature and humidity conditions in the test laboratory and served as a
baseline for all field-replaceable pocket specimens. The mean load of the
production pockets was 1650 pounds, vhich was well above the ultimate proof
load requirement of 565 pounds established under Reference 1. These results
are also typical of the loads sustained by universal and production pockets
tested in that study.

Nineteen field-replaceable pockets were proof load tested. The first was

a preliminary concept of EWR 38633 (without the -108 ribs). This pocket
vas installed on a spar specimen with one coating of FA 9320 adhesive

in the pocket-to-spar area. It was subjected to proof test and sustained

a load of only 280 pounds. Examination of the pocket showed that the pocket
failed in shear at the trailing edge between the -102, -106 and =107
stringers. To remedy the problem, the design was reinforced with a -108 rib
on each end of the pocket, and EA 9320 adhesive was inserted between the eight
inner -102 stringers to provide uniform shear across the pocket (Figure 2).
Two specimens of this configuration were tested and resulted in proof loads
of over 1600 pounds. See Table L, specimens R2 and R3. The added ribs and
adhesive, however, resulted in a tail-heavy design; consequently, the

amount of adhesive placed between the inner stringers was lessened to reduce
the pocket weight. A third specimen, tested with the smaller quantity of
adhesive, meintained a proof load of 1290 pounds before failure,vhich far
exceeds the proof load requirement of 565 pounds (Table L, specimen RL).
Two additional specimens were tested maintaining proof loads of 1175 and
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TABLE 4, PROOF LOAD TEST RESULTS

Specimen Ultimate
Specimen Type Test Deflection Load
No. Pocket Condition (in.) (1p)
Pl Production (1) .631 1725
P2 Production (1) .590 1700
P3 Production (1) .598 1600
Rl Replaceable (1)(6) 280
R2 Replaceable (1)(5) .610 1675
R3 Replaceable (1)(5) .650 1605
Rk Replaceable (1) .520 1290
R5 Replaceable (2) .450 1300
R6 Replaceable (2) .353 1175
RT Replaceable (2) 450 1150
R8 Replaceable (3) .531 1190
R9 Replaceable (3) .380 1000
R10 Replaceable (k) .3k5 1100
R11 Replaceable (4) .50 1100
R12 Replaceable (1) LU75 1175
R13 Replacesble (1) . Lgs 1235
R1k Replaceable (3) .513 1200
R15 Replaceable () .10 1175
R16 Replacesable (1)(7) .510 1235
R17 Replaceable (1)(7) - 55 12ks
R18 Replaceable (1)(8) 495 1220
R19 Replaceable (1)(8) .512 1237

(1)

(2)

(3)

(k)

(5)

(6)

(7)

Regular application of paste adhesive on spar/pocket joint @ T0°F.
Additional paste adhesive on spar/pocket joint @ 70°.

Specimen @ LOCF ambient for 40 hr. Used 3 heat packs on each side.
Each pack on for 25 mintues for total of 1% hour. Tested within

1 hour.

Specimen @ T5°F embient for 1 hr. Used 2 heat packs, 1 on each
side for 1 hr. Tested within 1 hour.

Excessive adhesive between -102 stringers. Not representative of
final design.

Initial field-replaceable pocket. Not representative of final
design. .

Replacement of a field-replaceable pocket.

Final design with one-piece outer skin.

55



Load, 1b

Note: These results are typical of
Universal and Production Pockets
tested under Reference 1.

3 Production Pockets

Mean Load 1650 Lb
1500 T 2/ (P1, P2, P3 of Teble 4)
%E._'i
16 Replaceable Pockets
Mean Load 1190 Lb
(R4 Through R19 of Table 4)
1000 4 f
% Ultimate Proof Load Requirement
500 + 565 Lb
e
10 20 30 Lo 50 60 T0 30

-_0

Trailing-Edge Deflection, in.

Figure 24, Proof Load Test Comparison,
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1235 pounds before failure (specimens R12 and R13). Therefore, the design
was considered to be satisfactory with the lesser amount of adhesive.

Three more pockets were static tested utilizing additional paste adhesive

on the unsupported skin area. See Appendix A, Figure A-1l. The values

(specimens RS, R6 and R7) were essentially the same as the results shown
[ for the normal application of adhesive applied for specimens Rli, R12 and
R13. The reason wvhy the specimens of both categories sustained the same
load is that the weak link is in shear between the stringers at the aft of
the pocket and not compression of the pocket skin at the spar backwall.
These pockets were also tested with and without backwall spacers, and there
was not any discernible difference in the ultimate load of either specimen.
The main reason is that the flange on the spacer supports the pocket skin
vhen a 1/8-inch and 1/U-inch gap exists between the pocket and the backwall
of the spar. A typical specimen with a backwall spacer is R12 of Table UL,
sustaining a load of 1175 pounds.

e = A - s e

Twenty-four chemical heat packs were utilized for curing six pockets in-
stalled on spar segments prior to proof loading these specimens. The pur-
pose of heat packs was to estimate the effect of heat during pocket instal-
lation on spec:.nens maintained at ambient 40°F and T5S°F and then proof load
tested within 1 hour. The pockets were assembled on spars, and the bonding
| fixture was instclled similar to other pocket installations except tiat the
chemical heat packs were placed between the bungee cords and the pocket

skin (Figure 25). The three specimens at 75°F required only one heat pack
per side for 1 hour and then tested within 1 hour for a total of 2 hours.
The results are shown for specimens R10, R1l and R15 in Table L,

The spars for the three specimens at LO°F were subjected to L0°F in a walk-
in cooler for approximately 40 hours. One heat pack per side was utilized
at the beginning of the cure. Hcwever, because the spar provided such a
large heat sink, additional heat packs were installed every 25 minutes to
maintain heat to the bond being cured. Three heat packs to a side were
used during the test. The resuits are shown for specimens R8, R9 and Rlk.

Figure 26 shows graphically the temperature at the pocket-to-spar bond for
both the T5°F and L4OOF chemical heat pack tests.

E The chemical heat packs were ¥AS-CHP-4000, purchased from Airline Systems,
San Carlos, Calif. Standard 7 in. x 12 in. heat packs were used with the
12-in. direction spanwise on the blade and the pocket-to-spar bond area
centered on the T-in. width. All pockets bonded with heat packs, either

: proof load or fatigue specimens, were successfully tested even though the

] ends of the pockets were not pressed tight to the spar. When the heat pack
is activated, it swells and shoartens itself in the 12-in. directicu. To
properly bond a pocket to a spar, the heat packs should be 7 in. x 15 in,
or an .064-in.-thick caul plate should be inserted under the present heat
pack to apply pressure to the ends of the pocket skin.
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The heat packs can be used with the pocket installation tooling by simply
putting the bungee cords under the side pressure bars, instead of over
them, and then installing the heat packs under the bungee cords, over the
bond area. They are neatly packaged two to a box camplete, even to their
own vater supply. The contractor would suggest they be used as a separate
kit because of the quantity required in a cold climate. At colder temper-
ature (4OOF), as many as six heat packs are required per pocket.

Two additional specimens were tested to estimate the resulting proof load
by removing a field-replaceable pocket from a spar and replacing it with
another field-replaceable pocket. The pockets were installed at TO°F using
a regular application of paste adhesive on the spar/pocket joint. The
results obtained (R16 and R17) were similar to proof loads sustained by
other specimens.

The last two pockets tested consisted of the finalized design, EWR 38633
Revision D, with the one-piece outer skin. These were also assembled at
T0OF using a normal amount of prste adhesive. The results are shown as
specimens R18 and R19.

As can be seen by Figure 24, thers was very little spread in load/deflec-
tion regardless of the four test conditions. Failure occurred in shear at
the trailing edge of the stringer (-102, -106 and -107) Joint. The average
load of the EWR 38633 pocket for R4 through R19 is 460 pounds less than
the average load of the production pocket; however, the EWR 38633 pocket
can sustain more than twice the ultimate proof lcad requirement of 565
pounds established under Reference l.

FATIGUE TESTS
Summary

Results of fatigue tests indicated that the EWR 38633 field-replaceable
pockets were stronger than the production pockets. Test procedures,
results and conclusions are presented below. The Fatigue Test Plan is
included in Appendix C.

Test Design

Factors which could contribute to in-service pocket failures are:

8. Vibratary spanwise strain at the bond

b. Aerodynamic loads bending the pocket

¢. Inertia loading bending the pocket

d. Mechanical damage due to foreign objects

Analysis confirms that the most significant loading is the vibratory span-
wise strain at the pocket-to-spar interface. The CH-54B blade pockets are
bonded to the spar at points where the spar experiences relatively high
vibratory spanvise stresses, and are therefore subjected to vibratory strains
transmitted through the bond as the pocket conforms to the spar curvature.

These tests were designed to provide a comparison of production and
field-replaceable pockets under this type of loading. Pocket specimens of
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each type were subjected to three levels of vibratory loading for up to

3 x 100 cycles at each level. Each pocket was inspected for damage at reg-
ular intervals. C(Criteria for failure were established which were based on
service requirements, that is, evidence of a crack or disbond which would
necessitate repair or replacement of the pocket in service.

In addition to evaluating correctly assembled field-replaceable pockets,
three specimens were tested which had deliberately been bonded with unde-
sirable process variations such as old adhesive and improperly mixed ad-
hesive. These tests provide a basis for evaluating the structural effect
of procedural errors in field replacement.

Specimen Configuration

Each specimen was made from a 13l-inch length of CH-54 spar with special
end fittings to adapt to the test facility. Each specimen was fitted with
five pockets as shown in Figure 27. The pocket configurations and locations
are detailed in Table S.

The fatigue specimens containing replaceable pockets were first bonded with
production pockets per production procedures. The pockets were then re-
moved to expose the residual adhesive for subsequent bonding of replaceable
pockets with the selected adhesive to simulate conditions to be experienced
in the field (See Figure 28).

Test Facility

The specimens were tested in the 60K and 100K blade test facilities shown
in Figures 29 and 30 respectively. Figure 31 is a schematic representa-
tion of the blade test stand. Centrifugal loading was simulated by apply-
ing a static tensile load to the specimen through compressed rubber wash-
ers (steel washer springs in the 60K machine). The machine drive system
comprises an adjvstable eccentric and crank driven by a variable drive
motor. One end of the specimen was excited by the crank to provide a small
sinusoidal vertical displacement. Test frequency was increased until, at
the resonant frequency of the pin-pin specimen, the blade adopted a reso-
nant mode inducing the required levels of vibratory moment and strain.

The blades were positioned at an angle such that both edgewise and flatwise
loadings were simultaneously applied. The ratio of NB to BR vibratory
stresses was maintained at 77%. This represents the ratio of flatwise
bending stress to bending stress at the bottom rear corner radius of the
spar and is representative of most flight conditions. Each test condition
was set up and monitored using amplitude measurements in the same manner as
simjilar tests conducted during Reference ..

During that program, one blade was instrumented, physically calibrated by
means of deadweight, and used to establish the test conditions. Once each
test condition was established, centrifugal load, blade angle, and vibra-
tory amplitude at 1/4 and 1/2 span were recorded for use in establishing
the test conditions on the subsequent test specimens, none of which were
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Figure 27. Typical Fatigue Specimen,
TABLE 5, FATIGUE TEST - SPECIMEN CONFIGURATION
Specimen Pocket Number
Number: (Crank End) (Col. End)
1 2 3 4 )
Production| Production|Production |Production |[Production
1 Pocket Pocket Pocket Pocket Pocket
Hysol Bond| Hysol Bond AF6 Hysol Bond |Hysol Bond
Replaceable Pockets, No Backwall Spacers
e Hysol Bond
Replaceable Pockets, Backwall Spacers
3 Hysol Bond
N Replaceable Pockets, Modified
Backwall Spacers Hysol Bond
Replaceable|Replaceable|Production |Replaceable|Replaceable
Pocket Pocket Pocket Pocket Pocket
> Improper Heat-Pack |AF6 8 Mo. 01d |Bare Spar
Hysol Mix |Hysol Hysol Hysol
Replaceable|Replaceable|Production |Replaceable|Replaceable
6 Pocket Pocket Pocket Pocket Pocket
Bare Spar |[8-Mo.-0ld (AF6 Heat Pack |Improper
Hysol Hysol Hysol Hysol Mix
Replaceable|Replaceable|Production |Replaceable|Replaceable
. T Pocket Pocket Pocket Pocket Pocket
E 27-Mo.-01d |Improper AF6 Bare Spar |Hangar Cond
f Hysol Hysol Mix Hysol Hysol
E 62
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Figure 29. Specimen in 60K Lb Fatigue Test Machine.
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Specimen in 100K Lb Fatigue Test Machine.

Figure 30.
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strain gaged. The resultant spanwise BR stress distributions from the sur-
vey are shown in Figure 32.

Fatigue Test Procedure

The pin-pin resonant mode of testing produces a distribution of bending
moment along the specimen; therefore, the stress experienced by each pocket
is related to its position on the spar. From Figure 32 the stress for each
pocket can be found for each of the three load lgvels at which the specimen
was tested. Each specimen was tested for 3 x 10  cycles at maximum vibra-
tory stress levels of 4000, 7000 and +10000 psi and a steady tensile
stress of 10500 psi until the test was completed or fracture of the spar
occurred.

Approximately every .5 x 106 cyclz2s, the pockets were inspected visually
and by coin tapping to detect cracks or disbonds.

Results

Test data of all seven specimens are summarized in Table 6. No represent-
ative damage was sustained at the first and second load levels, except for

specimen 7.
The S/N curves plotted for these specimens are:

a) Figure 33 showing S/N data for production pockets

b) Figure 3k showing S/N data for replaceable pockets

c) Figure 35 showing S/N data for replaceable pockets with backwall
spacers

d) Figure 36 showing S/N data for incorrectly bonded replaceable
pockets.

Note: Damaging cycles to failure in Figures 33 through 36 indicate the

time in cycles when failure occurred in the test pocket (production
or field replaceable) by either cracks or bond separations.

Discussion of Results

Comparison of correctly bonded replaceable pockets data in Figures 34

and 35 shows no significant difference with or without backwall spacers and
an improvement in strength over the production pocket of approximately 23%.
Even with poor bonding techniques, the replaceable pockets showed a strength
equivalent to the production configuration, with the exception of specimen
T.

The results for specimen T, Figure 36, showed a significantly lower fatigue
strength in the spar-pocket bonds of that specimen campared to specimens 5
and 6. This is believed to have been caused by a technician's wiping

the primed interior surface of the pocket with methyl ethyl ketone before
the adhesive was applied. This solvent removed the primer from the surface,

67



‘UOT3IFSOd 3I9O0J IPVIH °“SA $53I3S ¥Yg AI038IQIA 2 oamIT4

¢ 39004 N 39xo0g € 39004 2 39004 T 39¥904 pug
spvlg spetg spetg speTd speTg  Yuea)

4 4 i A S
J v L L] L o

000t

- 0002

= 000€

4

= 000%

7
i
f
|

b

4 0005

- 0009

r’
b

-000L

|

- 0008

/[ |
A 0 - 0000T

<+ 000TT

s

NOOT - € T@?aeT ssaxis O
Jd09 - 2 Taa97 ssex3s O
09 — T TPA9] 8831318 O snYpey Jauxo) yoweg Jedg = yg

68

18d ‘ssaaygs Arogsaqip



Jovx) 0089 ¥ 0050T (oT) S6°0 TosAH xedg axeg 33%d04 -dey 54
AovI) 0066 = 00S0T wAOHV S0 TosAH PTO 393204 -dey 7S
puoqstd C0E0T# 0050T onHV () puod 9JV 383204 °‘poxd £°S
nouny 00HOT+ 00601 wﬂoav €2 TosAg-3ouvd 33y 3ad0g -dsy 2°s
PuUoysIq 0586 = 00S0T wﬁoav S0 | XTW TosfH aadoadur 3a3d0g *day 1°< S
0098 ¥ 00S0T (0T) T°0 Jaouvdg SN
0066 * 00SOT | 2(0T) T°0 |gagyoog  TTRASOSTE DSTITROH  n°n
aanTyed xedg 00£0T3 0osot | 2(ot) T'0 g puog TOSAH €'
00HOT* 0050T maoav 1°0 8333204 aTquaderday FAR
0586 * 005$0T WAOHV 1°0 1y "
puoqsid 0088 ¥ 0050T (0T) 9°1 GS°€
anouny | 0066 3 00S0T | 2(0T) 0°€ | gagyooy 290uds TTRANOSE  4°€
puoqstq 00£0T+ 00S0T wﬁoav 0°¢€ v puog TosAH 1
jnouny 00vOT+ 00601 onav 0°€ 393204 atqeadetrday 't
puoqsIq 0586 0050T onHV 0°€ 1€ £
Jnouny 0088 ¥ 00S0T (oT) 0°¢€ G2
b C-E o) 0066 00S0T maoavpa.m 8393904 xaoedg TTBAYO®g ON n°e
s0vI) 00£0T* 0050T mﬁoav 9°1 g puog TOsAH €2
(dey uopN) Nowx) oonl ¥ 00501 wﬁoﬁv (A 39004 atqeadetday 22
¥ova) 0586 0050T onHv 0°¢ 1°2 2
aanyred Jedg 0088 ¥ 00501 (0T) 8°0 puog TOSAH uof3onpoxd (B
JowIy 0066 = 0050T onﬁV G°0 puog TOSAH uUOf3ONPoId 11
puoqsid 00£0T# 0050T mﬁoav S0 puod 94V UOI3ONPOIJ €1
axnyyed Jedg (o] To) £ 00S0T mAOHv 8°0 puog TOSAH UOTIONPOIAJS 21
anTred Jedg 0586 ¥ 00501 wﬁoav 8°0 puog TosAH uofjonpoxd 1T T
sYIvua Yy KLzoyeaqra Apwaisg 83aT24)H uoyradiaosaqg *ON *ON
®38q (ISd) T?Aa] pwoq SuyBeueq 39NOC I -oadg

VIVQd ANOILVA LEDIOOd T TEVIOVILEM -TIdId 9 IATEVL

69




T

xaowvdg *pol
puoqstg 00gg 00S0T (o1) S0 JeFUBH Ul papuog 33004 *dsy S
puoqsiqg o00L ¥ 00501 mﬁoav G°2 | a9oedg oN xedg ageg 3a)d0g *day q°L
puoqstd 00EL ¥ 00S0T wAOHv 0°'T puog 94V 3191004 uorjonpoxd g£°.L
9 xaouwdg oN
PuUoqsiqg oonlL ¥ 0060T (01) O°T XTW TosAH xadoadmy 38xo0gd -dey g2-L
9 xaovdg
puoqstq 00TL ¥ 0040T wAOHv 0°2 ‘POW TOSAH PTO 3a%d04 *day T°L L
PTIOA puod 0088 ¥ 0050t wAOHv s 2 XTW TosAH a=doadwm] 393004 °*day G°9
jnouny 0066 = 0060T (OT) 0O°€ TOsAH~-3o8d 3®aH 391204 *day 49
PTOA puog 00£0T+ 00S0T waoav S0 puog g4V 33}20d *poad £°9
PTOA puoq 00/0T* 0050T mﬁoav G2 TosAH PTO 39%20d *day 2°9
PTOA puod 0696 = 00$0T mAOHV S0 19sLy xedg axmyg 3aydod *day T°9 9
SIEWS Y ALx038aIqQTA Apuwaigg satToL) uotqadiaosag *ON “ON
v3ed (ISd) T3a271 pwoq] FuiIsuweq 39}004g *dadg
pPanuIjue) 9 FIAVL

70



- .'b’lf

oy ,.m ‘c‘

‘aanTred 03 S8ToL) SurBeumeq ‘£ o.MITJ

S8T2K)
oT oT oT T
8 L 90T < n°
i A S U N | AU U W 1 | T T 1 | N 1
L B L ¥ L] LIS L L T ¥ vrry v yov T L4 rerv vt v T O
e N
1=
= - = - 9sTnIy paadg-yBTy — — 9
VE'L T
4— g
-05°T L
I°T
o't 4— 01
L9 E"g ‘E°T
T cl
9ATS3UPY TOSAH [ g9 ITq8l Woxg
SATSIUYPY 9 4V 7 SJaqumn, - aya0g T
839004 UOT3FONpalg 4+ o1

<
-
(=2
o]
]
ct
3
w
(34
~
[13
w0
/]
(g
(1]
<
[
—
-
e}
[ 2]
[
>
[
o
]
w

71




‘aanTred 03 SaT°LD Burdsweq “HE aan3 T4

saTo k)
mo._” h.o._” de moa oT
-P-PP- Iy 'n 8 —-n?»- A e —-P-r-r i A -P-P- A A A o
sy v Vv v ¥ L} Tgesv¢v ¢ ¥ 0 | 1 TI9 8§ ¥ ¥ ¥ ¥ v gvv v v 1T ¥ L | |
IIN
T+
- - - - sstnx) paads-yBtTH 1 9
(o A
‘lm
5*2
- g alqe] Woljg 4
i sIsquml 323204
e
4+ 0T
4221
z# usupoadg'aecedg TTeANO®d ON O
gjaxoog sTqeeseTday T:.n

0T x 18d ¢ToA9T ssox3s AI03BIQTA

E-

72



‘aanTTed O3 SOTVA) Burdsweq Gt 2B T

sa124k)
ot
woa bOﬁ mOH mOﬂ N
_ A e A a A —h Iy 2 2 b e _I A A re 2 e A A \F\P- A a4 A n “’ o
-ttt -+ t L R I R ¥ L0 0 2 e |
- 2
ol J m
o
-
- ]
e
o
= - - - astnay paadg-yTH 39 %]
(9
ot
g STqQRL WoIJg 1 o
slaqun) 33204 @
<
i )
O 6E - 57N 4 =
. N =
T°E
n'E =8 J”ﬂ -t OT 2,
£ ENG =8 m f ®
N..m. N 1—. pv I om—
(V)
llNH
n# uswicedgisisaedg TTRANR®E PALITPOH O -+
g4 usmioadg‘sasoedg TTeANI™H O
s1ax¥o0g sTqeaseTday ..T 1t

SN b e e e i S

13




aanTIB4 03 SOT0AD Buidsweq -9t aanBTd
saTo k)
0T ot 0 0T ot
8 L 90T S n
ligs o 8 o o N Loge s o o ) | I U S N | 2 N 0
—-dquq v L) TVvv v v 1 L v i1 7 v ¥ 1 ¥ LI Ty v 1 1 0 1 T
l‘N
£Arug L usmioedg Jo3 SAITY T
I.ll-m

9 % ¢ uswivadg 303 aaan]

Lfug <) pus T1°L siaqacd
uo siaoweds TTeANOEd L4 UsW23dg ©
g# usmiodadg *zedwdg TTRANY®d ON O
¢4 uswposdg ‘zecedg TTeANIwd ON O
papuog L[3}081I00U] B18WI04 aTqeasoeTday

g 2TqEl Woi4
gJaqumy 19¥204

— 0T

— T

-

oT x 1sd ‘19Ad] 883435 Ax098IqQTA

E-

Th



preventing formation of a satisfactory bond. For all the pockets, failure
of the bonds of specimen 7 occurred between the adhesive layer and the pock-
et surface, rather than in the adhesive layer or at the spar-adhesive inter-
face. This strongly implied that there was a fault in the pocket-aghesive
interface.

Conclusions
The tests showed that the field-replaceable pockets were significantly
stronger than the production configuration, and are structurally adequate

for use on CH-54B blades as a field replacement provided proper procedures
are used for installation.

Recommendation

Methyl ethyl ketone is not to be used for wiping surfaces prior to bonding.
Alcohol should be used instead.

WHIRL TOWER TESTS

Summary

This portion of the report presents the results of the performance and en-
durance whirl tests performed on the CH-54B main rotor blade field-replace-
able pockets in accordance with the Whirl Tower Test Plan, Appendix D.

The effects of field-replaceable pocket installation on CH-5U4B main rotor
blade performance and balance were investigated. The functional adequacy
of the field-replaceable pocket installation was demonstrated by a 25-hour
endurance whirl test and a brief overspeed test.

It was concluded that:

(1) The installation of field-replacesble pockets on main rotor blades
will not affect blade balance, providing the trailing-edge tab of the
field-replaceable pocket is trimmed to conform with the trailing-edge
tab of the pocket removed.

(2) The installation of field-replaceable pockets on main rotor blades will
not significantly affect blade aerodynamic performance.

(3) Based on the endurance test and the overspeed test, the field-replace-
able pocket configured blade is adequate for flight tests.

It was recommended following the whirl test of the initial installation of
field-replaceable pockets at Sikorsky Aircraft by Army maintenance personnel
that:

(1) A production weight requirement for the field-replaceable pocket be
established to give a minimal increase in aircraft 1/rev vibration.
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(2) The trailing-edge tab area of the field-replaceable pocket be
redesigned to match the production pocket trailing-edge tab to
facilitate the use of the production tab bending tool.

(3) The procedure for bonding the field-replaceable pocket to blade
spar be improved to reduce bond voids and to establish an inspection
procedure in the field to detect bond voids.

(k) The effect of spanwvise imbalance caused by field-replaceable
pockets on aircraft 1/rev vibration be determined by flight test.

Items (2) and (3) above were subsequently incorporated; item (1) would
be done in production and item U4) was accomplished by flight test at
Sikorsky and will be further evaluated by flight test of Army CH-5UB
helicopters in the field.

Purpose of Tests

The purpose of these tests was:

(1) To determine the effects of the field-replaceable pocket installation
on blade balance and performance.

(2) To demonstrate the functional adequacy of the CH-54B main rotor blade
vith fieldreplaceable pockets (including the EA-9320 adhesive) prior
to initial flight tests and field service evaluation by a 25-hour
endurance whirl test and a brief overspeed test.

Background
The field-replaceable pockets used on the CH-SLB blades for the whirl tests

wvere installed by Army maintenance personnel to evaluate installation pro-
cedures and tooling. Fifteen replaceable pockets were installed at

locations expected to have the greatest effect on blade balance and perform-
ance and locations which presented the most diff{culty for installation.
Table 7 shows the locations of the field-replaceable pockets installed on
the test blades.

The tests consisted of the following areas of investigation:

(1) Static spanwise balance

(2) Dynamic and aerodynamic balance

(3) Performance

(V) Endurance,including start-stop cycling

(5) Overspeed
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TABLE 7, SPANWISE MOMENT SUMMARY

Spanwise Moment
(in.-1b)
Prior to Instal- Field-Replace- | Spanwise
Fockets lation of Field- able Pockets Moment

Blade No. Replaced | Replaceable Pockets| Installed (in.-1b)
64M-2399-1097 9,10 78,497 78,560 +63
6UM-2451-1077 | 4,5,6 78,511 78,596 +85
64M-2380-1095 | 9,16 78,498 78,570 +T2
64M-3211-1119 | 17,18,19 78,488 78,625 +137
6LM-3206-~1109 | 2,3,k 78,505 78,648 +143
6UM-2496-1064 | 9,10 78,485 78,533 +18

Notes:
(1) Spanwise moments are about the centerline of rotation.
(2) Pockets are numbered as shown in Table 10.

(3) Two additional field-replaceable pockets were installed for flight
test. See Figure 45, Configuration k.

Blade Balance and Performance Conditions

The effect of field replaceable pocket installation on the balance and
performance of CH-54B main rotor blades, P/N 6415-20601, was determined by
comparing the following measured blade parameters Lefore and after the
installation of the field-replaceable pockets:

(1) Static spanwise moment

(2) Pitching moment about the feathering axis as a function of blade angle
(3) Tip-path-plane track as a function of blade angle

(L) Lead-lag track as a function of blade angle

Static spanwise moment and tip-path-plane track are blade balance parameters
which are dependent on the blade spanwise and chordwise mass distribution
respectively. Lead-lag track is a blade balance parameter wnich is depend-
ent on the airfoil contour (blade cross-sectional geometry). Pitching
moment is a blade balance parameter which is dependent on both the chordwise
mass distribution and the airfoil contour.

7



ERESIT

SR ek C A U5 i TR SR

i
&
i
i

The static spanwise moment (about the centerline of rotation) for each

of the six test blades was obtained using an ST1515-20001-T98 static
balance scale. Blade pitching moment, tip-path-plane track, and lead-lag
track were measured for each blade relative to a master blade by installing
the test blades on the 3000-hp blade balance test stand shown in Figure D-1.
All measurements were obtained relative to a Sikorsky master blade used

for production blade balancing. This provided a reference blade that was
unaltered throughout the test. To account for day-to-day measurement
variability, data was obtained on different days.

Lead-lag track is a measure of the blade steady displacement in the plane
of rotation (not the vibratory or hunting motion of the blade) relative
to the master blade. The relative steady displacement is a measure of
blade performance since it is a function of the blade drag characteristic.
Therefore, any change in blade drag and hence any change in lead-lag track
due to field-replaceable pocket installation can be related to a change in
power ( AH), as derived in Appendix D, page 1L2,

The lead-lag track measurements were obtained by use of an optional tracker,
Chicago Aerial Model CA-4TOA. The tracker compares the test blade position
at a given azimuthal position of the rotor head relative to two adjacent
blades. This data is then converted to lead-lag displacement relative to

a reference or master blade. The tracker was positioned at approximately
90% of blade radius.

Endurance Whirl Test Conditions

The six CH-54B main rotor blades with the field-replaceable pockets were
installed on the 10,000-hp main rotor test stand (Figure D-2) and subjected
to the CH-5kL power and flapping spectra presented in Figure D-3 and D-4 re-
spectively. In addition, the blades were subjected to an overspeed test
and start-stop cycles as shown in Table 8.

Prior to installation of the test blades on the main rotor test stand,
pocket-to-spar bond of each blade was inspected for voids. A "coin" test,
vhich consists of tapping with a coin along the pocket-to-spar contact
surface and aurally locating the bond voids, was used as a bond void in-
spection procedure. At the conclusion of the endurance whirl test, the
"coin" test inspection of the test blades was repeated. A record of both
bond void inspections was maintained to determine if any bond void propa-
gation had occurred during the endurance whirl test.

Blade Balance and Performance Swmary

The spanwise moment measurements before and after field-replaceable pocket
installation are presented in Table 7. Blade pitching moment, lead-lag
track, and tip-path-plane track data are graphically illustrated as a func-
tion of blade angle in Figures 37 through u2.

Endurance Whirl Test Summary

The endurance whir. test conditions and associated whirl test hours are
summarized in Table 8.
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Prior to the endurance whirl test,most of the test blades were found to
contain pocket-to-spar bond voids,with pockets containing bond voids of
up to 20% of the bond contact area. Since the purpose of the test was to
evaluate pockets which might contain voids, these pockets were retained
and tested. At the conclusion of the 25-hour endurance whirl test,no
significant deterioration in pocket-to-spar bond was detected.

TABLE 8. ENDURANCE WHIRL TEST SUMMARY

Test Condition Duration
Thrust - 46,000 1b 21,25 hr
Thrust - 53,000 1b 3.75 hr

] Overspeed - 231 rpm (125%NR) 60 sec
Start-Stop Cycles# 125 cycles

*Start-Stop cycle consisted of the following:

Rotor Speed (rpm) = 0 to 185 to 0
Thrust (1b) = 0 to 53,000 to O
Flapping (deg) =0to2to0

Blade Balance and Performance Results

The difference in blade stetic spanwise moment as a result of field-
replaceable pocket installation (refer to Table 7) is due to the difference
in weight between the production pocket and the field-replaceable pocket.
The field~replaceable pocket is heavier than the production pocket by ap-
proximately 0.25 1b and 0.12 1b at an inboard and outboard blade station
respectively. In addition, field-replaceable pocket weight varied as much
as 0.030 1b. In order to result in a minimal increase in aircraft 1/rev
vibration, the rotor imbalance due to increase in blade spanwise mament can
be controlled by limiting the number of field-replaceable pockets installed
on any one blade. The number of pockets allowed on a blade was later
determined by analysis and flight test and is discussed under the flight
test program.

Blades pitching moment, lead-lag track, and tip-path-plane track as a
function of blade angle for each of the six test blades is presented in
Figures 37 through 42. As can be seen, changes in pitching moment slope
up to 8° due to the field-replaceable pockets range from no change (blade
S/N 64M-2380-1095, Figure 37) to a change of approximately 170 in.-1b
(blade S/N 6kM-3206-110 , Figure 41). Changes in pitching mcment slope
can be attributed to changes in weight and center of gravity location of
the field-replaceable pockets.
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The intercept of the pitching moment versus blade angle curves has changed
and is attributed to 4 difference in trailing-edge trim tab between the
production pocket and the field-replaceable pockets. The trailing-edge
tab of the production pocket was not duplicated during the manufacture of
the field-replaceable pocket (Figure 43), because the replaceable pocket
initially consisted of a two-piece skin. (The final design, EWR 38633

Replaceable Pocket Production Pocket

Phenolic Doubler

Figure 43, Trailing-Edge Tab,

Revision D, has a trailing-edge tab similar to the production pocket.)

The differences in trailing-edge tab width, specifically the lack of
sufficient space between the phenolic tab doubler and honeycomb, prevented
the use of the production trim-tabbing tool. A makeshift tool was
utilized which permitted variations in the tab angle. Normally, aero-
dynamic pitching moment balance is obtained by trimming the desired length
of tab while maintaining the tab angle constant. It is not feasible to
preadjust the field-replaceable pocket tab since the length of trim tab
required varies from blade to blade and is required only on outboard
pockets.

The requirement for trimming the trailing-edge tab of the field-replaceable
pocket to conform with *he pocket removed 1is demonstrated by the pitching
moment versus blade angle relationship (prior to tabbing) shovm on Figures
38 and 42. As shown by the darkened triangular symbols, the pitching
moment with the untabbed field-replaceable pockets is up to approximately
850 in.~1b more pitch reducing when compared to the pitching moment with
production pockets. After duplicating the original trim-tab deflection

on the field-replaceable pocket, the resultant blade pitching moment
closely matched the pitching moment prior to pocket replacement.

As evidenced in Figures 37 through 42, the tip-path-plane track and lead-
lag track versus blade angle relationships were not significantly affected
by installation of field-replaceable pockets; therefore, no aerodynamic
performance differences were detectable.
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Endurance Whirl Test Results

The functional adequacy of the field-replaceable pocket configured blades
was demonstrated by the 25-hour endurance whirl test and the overspeed
whirl test. Although pocket-to-spar bond voids were initially detected, no
significant propagation in the voids occurred during the whirl tests, and
therefore confidence in the atrength of the adhesive was further enhanced.
Figure L4 shows blade No. 6UM-2541-1077 (one of the blades subjected to
whirl test) with #4, #5 and #6 field-replaceable pockets.
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FLIGHT TESTS

Sumnary

The purpose of the flight test program was to evaluate field-replaceable
pockets installed on CH-54B main rotor blades at Sikorsky Aircraft to
determine new pocket effect on blade stresses, flight vibrations and con-
trollability when compared to a standard CH-54B aircraft configuration.

Flight Test Program

The flight test program was conducted in buildup stages as noted by the
Flight Test Plan, Appendix E. Four configurations were flown; Configuration
1 utilized one blade containing three field-replaceable pockets, producing
an out-of-balance of the rotor of 143 in.-1b (see Figure U45). Configuration
2 had three field-replaceable pocket blades all on one side of the rotor,
causing a total imbalance of 365 in.-1lb. Configuration 3 flew 6 field-
replaceable pocket blades containing 15 field-replaceable pockets; the
total out-of-balance was 182 in.-lb. Since no abnormal controllability or
blade stresses developed, Configuration 4 was flown. It was essentially

the same as Configuration 3 except that two more field-replaceable pockets
vere added (#4 and #5) on blade S/N 3206-1109, producing a total imbalance
of 21k in.-1b.

Four blades were strain gaged for the test: blades S/N 3206-1109, S/N
3211 -1119, S/N 2451-1077 and S/N 2380-1095. See Appendix E, Figure E-1.
These were considered most critical (in the order noted) based on the
increases in static spanwise moment as a result of installing field-
replaceable pockets.

After conducting a maintenance check flight on CH-SUB helicopter S/N 69-
18462 to ensure that aircraft systems and instrumentation were operating
satisfactorily, the flight test program was started. The various blade
configurations of Figure 45 were installed, the instrumentation wiring was
completed, and an electronic blade track was performed on the aircraft for
each configuration prior to flight for all test flights; the aircraft was
loaded to 47,000 pounds at a center of gravity of 328 inches and flown at a
naminal sea-level altitude. Records were taken in various regimes of
flight as shown in the flight test plan.

After each configuration was flown, the test data was scanned to ensure
that it was sufficiently safe to continue with the next configuration.
Since there was no evidence of abnormal blade stresses or vibrations, the
flights continued through coafigurations 1, 2 and 3. For configuration L,
two more field-replaceable pockets were installed on blade S/N 3206-1109,
meking a total of five field pockets. A flight test was then conducted
similar to the other configurations without adverse effects.

The stress data obtained from the four configurations flown was then com-
pared to deta recorded for the FAA Certification program to determine
structural integrity and controllsbility of the CH-5%4B helicopter. This
data is recorded in Reference 2. For the FAA Certificaticn program, a
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Configuration 1

S/N 3206-1109 (#2, #3, #4)

Total Imbalance = +143 in.-1b

Conﬁ.gtgl.tion 2
S/N 3206-1109 (#2, #3, #b)

S/N 3211-1119(#17, #18, #19)

S/N 2U51-1077 (44, #5, #6)
Total Imbalance = +365 in.~1b

s/x 2496-106k
(#9, No)

S/N 2399-1097
(#9, #0)

Configuration 3
S/N 3206-1109 (#2, #3, #4)
‘ 8/N 3211-1119 (#17, #18, #19)
S/M 2380-1095 (#9, #16) S/N 2U51-1077 (#4, #5, #6)

Total Imbalance = +365 - 183 = +182 in.-1b

Configuration U

Same as Configuration 3
except with two more pockets
added to S/N 3206-1109 (#5, #6)

Total Imbalance = 397 - 183 = 4214 in.-1b

NOTE: Numbers in parentheses are field-replaceable pockets and locations

on the blade.

Figure U5, Configurations Flown - Looking Down From Top of Mair Rotor,
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takeoff gross veight of 48,000 pounds was used to allow increased test
target weight or 47,000 pounds.

Flight Test Results

Comparison of the various porameters showed good correlation with the
original flight data contained in Reference 2. These results indicated
that no adverse effects were noted for any of the flights.

The plots of field-replaceable pocket blade stresses for all configurations
tested are close to the stresses of standard blades from Reference 2. The
stresses along the blade for stations L-1, NB-1, L-7 and BR6 are shown in
Figures 46 through 53 for each configuration. The stresses are slightly
higher for NB-1 for configurations 2 and 3 (Figures 48 and 50); however,
they are still satisfactory because they are considerably below the design
vibratory stress of #6500 psi. There is good correlation at the BR-6
station, the critical back corner radius, where combined flatwise and edge-
wise stresses are developed. For configurations 3 and 4 (Figures 50 and
52) two BR-6 points appear low. IL~T, the leading edge gage at 70% radius,
shows stresses similar to standard hlades,except for configuration k,
vhere they are lower. L-1 plots show that vibratory stresses are extremely
low in this area and have no consequence on blade life.

The plots for pushrod and rotating scissors loads are shown in Figures Sl
through 57. For th2 four configurations flown, the loads are less than, or
similar to, existing data, which indicates no effects from modifying blade
spanwise and chordwise moments by adding field-replaceable pockets.

Figures 58 and 59 are plots of the controllability of the aircraft. The
longitudinal stick position curves shown in Figure 58 have positive sliopes
for all configurations and can be considered to have minor change from one
configuration to another. The lateral stick is essentially the same for
all four configurations. The curves of Figures 58 and 59 indicate that

a pilot would not feel any difference in stick handling between flying &
standard aircraft or an aircratt installed with blades modified with field-
replaceable pockets. This was verified by comments made after each flight
by the pilots assigned to the program. They all remarked that no differ-
ences in controllsbility or aircraft vibrations could be detected and that
the aircraft flew in a normal manner.

Conclusions
It can be concluded that the flight test program has successfully demon-

strated that there are no offects in blade stresses, vibrations, or con-
trollebility, and that these blades can be flown in the field.
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Figure U46.Configuration 1 - Blade Stresses vs Airspeed,
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Figure 47, Configuration 1 - Blade Stresses vs Airspeed.
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Figure 48.Con’iguration 2 - Blade Stresses vs Airspeed,

94



AT .

psi

Vibratory Stress =

Vibratory Stress * psi

Gross Weight 47,000 Lb C.G. 328 In.
FRP = Field Replaceable Pocket
FRP Blade No. 1 S/N 3206-1109—0

FRP Blade No. 2 S/N 3211-1119-0
FRP Blade No. 3 S/N 2451-1077—0

6000 +
e /— Reference (2) Data
P =
s 8 ~ [a]
» 0 e -8-2
4000 1 »
7
'rx
2000 4 Strain Gege L = T
0 | = i : : 4
0 20 4o 60 80 100 120
2 -
800 Blade No. 1
1000
Straein Gage L - 1
0 : : 4 : t :
0 20 o) 60 80 100 120

Indicated Airspeed, kt

Figure 49. Configuration 2 - Blade Stresses vs Airspeed.
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Figure 50. Configureiion 3 - Blade Stresses vs Airspeed,
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Figure 51, Configuration 3 -~ Blade Stresses vs Airspeed,
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Figure 52.Configuration 4 - Blade Stresses vs Airspeed,
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Figure 53, Configuration I - Blade Stresses vs Airspeed.
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Figure S5L.Configurations 1 and 2 - Push Rod Loads vs Airspeed,
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Figure 55.Configurations 3 and 4 - Push Rod Loads vs Airspeed.
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Figure 56, Configurations 1l and 2 - Rotating Scissors Load vs. Airspeed,
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Figure 57, Configurations 3 and 4 - Rotating Scissors Load vs Airspeed.

103



Longitudinal Stick Position, %

Lateral Stick Position, %

Fud
100

8o

60

Lo

20

o

Left
100

8o
60
Lo

20

Right

Gross Weight 47,000 Lb C.G. 328 In.

Longitudinal Stick Position

o ,J\_ { Configuration 3 —— - ——

Confi gu:at.ion 2 ———

I
0 20 Lo 60 80 100 120

Figure 58. Longitudinal Stick Position vs Airspeed.
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Figure 59, Lateral Stick Position vs Airspeed,
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Multiple Pocket Replacement

An investigation was performed to determine the maximum number of field-
replaceable pockets installable on one blade without affecting blade per-
formance. The analysis was based mainly on results of whirl ani flight
tests.

The whirl test plots of Figures 37 through 42 showed that there were no
appreciable changes in track (lead/lag or out-of-plane) and pitching
moments for the six blades installed with field-replaceable pockets. This
indicated there would be no effect in aerodynamic performance.

The flight cest showed that blade stresses and aircraft vibrations were
also similar to a standard CH-S4B flight. There was no effect from rotor
out-of-balance during any one of the four configurations flown. Configura-
tion 1 had one field-replaceable pocket blade (Figure U45), which produced

a spanwise moment imbalance of 143 in.-1b. Configuration 2 had three field-
replaceable pocket blades all on one side of the rotor, producing a total
out-of-balance of 365 in.-lb. Configurations 3 and L produced rotor out-
of-balance of 182 and 21k in.-1b respectively. Configuration I had one
blade installed with five field-replaceable pockets, which produced by
itself an out-of-balance of 175 in.-1b. These same five pockets replaced
in the field could possibly have resulted in an out-of-balance a3 high as
210 in.-1lb, depending upon the person installing the pocket. This higher
figure is based on analysis and assumes the worse case where the repairman
uses all the adhesive in the container and removes a minimum of the old
adhesive. This 210 in.-1b out-of-balance is acceptable and will be used as
the maximum imbalance allowed. Table 9 is a tabulation of the spanwise
out-of-balance as & maximum, anywhere from four pockets (#2, #3, #4 and #17T)
up to twelve pockets (#6 through #16 plus #27) could be replaced in the
field.
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FIELD INSTALLATION

INSTALLATION OF FIELD-REPLACEABLE POCKETS

The installation was a two-part program in which Army maintenance personnel
installed a total of 35 field-replaceable pockets on CH-54B maln rotor
blades at Sikorsky Aircraft and in the field. The first part, conducted at
the Sikorsky Aircraft plant, was more for experimentation to evaluaie the
field-replaceable pocket kit, the bonding fixture tool, tke imstruct.on
manual, and the time required to make a repair. The second part consisted
of actual field operations where pockets were installed on main rotcr
blades at Fort Wainwright, Alaska, and Fort Eustis, Virginia.

SIKORSKY INSTALLATION

Pockets were installed on CH-54 main rotor blades by Army maintenance per-
sonnel (MOS 67 x 20, CH-5L4 helicopter repairman). Fifteen pockets were in-
stalled on six d:.fferent blades at the Sikorsky plant, using the field re-
peir manual and kit shown in Figure 19. Table 10 shows the blade serial
numbers and the pockets replaced. Pocket replacements along the blade

vere selected for the following reasons:

a) Pockets that produced the highest out-of-tolerance of track, pitching
and spanwise moments.

b) Pockets that required backwall spacers ( to ascertain problems to be
encountered in selection of proper spacer and installation).

c) Pocket subjected to highest loads.

All replacesble pockets, including those installed at Sikorsky, were fur-
nished in field kit boxes to simulate field conditions. All parts required
to repair a pocket were obtained from the kits. Repair was done by both
one-man and two-man teams. Field-replaceable pockets were installed merely
by following the instruction manual provided with each kit. The members of
the team had a minimum of problems in following instructions, either in re-
moving a production pocket or in installing a field-replaceable pocket.
However, some changes both in the written text and in the illustiations
were necessary to further refine the teardown/installation procedure prior
to installation at the Army bases.

To assess the repair, the Army maintenance men at Sikorsky were timed to
determine the time required for each of the following operations:

Step Operation
1. Remove damaged pocket from spar.
3. Remove loose adhesive and clean spar, pocket and spacer (if
required).
3. Mix adhesive.
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TABLE 10. FIELD-REPLACEABLE POCKETS INSTALLED ON
CH-S4B MAIN ROTOR BLADES

Installation Site/Pocket Numbers

Experimental Sikowsky A/C Fort Wainwright Fort Eust's
Blade Serial No. Feb 197k Oct 197k Nov 197k
64-M-3034-1125 - - #2, #3, #4
64-M-3206-1109 | #2, #3, #4, #5, #6 - #3(a), #i(a), #15
64-M-2399-1097 #9, #10 j - #10(a)
64-M-2451-107T #4, #5, #6 - #6(a), #9, #15
6L4-M-2481-1068 #5, #6 -
64-M-2L496-1064 #9, #10 #2, #4, #5 -
64-M-3211-1119 #17, #18, #19 #15 -
64-M-2380-1095 #9, #16 #2, #15 -
6LU-M-2LL40-10T78 #2, #3 -

(a) These are replacements of field-replaceable pockets

. ; .
Ij|l!’|l|ﬂ|.|ﬂ|ll.|l’|u|l1|ll|ll|l‘.||,ll|ll|u|.l’lli7i0|l|dllil|l p
| . | ) 4 | -
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L, hpply adhesive and install pocket with bonding fixture.
5. The sum of these four operations gave the total repair time.

The times required to make a complete repair ranged from 37 minutes to 1-%
hours. The repairman doing the repair in 37 minutes performed steps 1
through 4 above in 8, 14, 5 and 10 minutes respectively. The repairman re-
quiring 1-% hours performed steps 1 through 4 in 30, 30, 15, and 15 minutes
respectively. The average time for the four repairmen was 1 hour. It was
noted during this evaluation that the adhesive was becoming tacky and
viscous for those repairmen requiring more time for steps 3 and k.

After all blades had been repaired and the adhesive on the new pocket: had
cured, the field-replaceable pockets were inspected by quality control. By
coin tapping, bond voids were found in 12 of the 15 pockets installed. The
bond voids in 10 of these pockets were acceptable for whirl and 5 hours of
flight. The remaining 2 pockets not acceptable were removed to determine
cause of separation. Examination showed that although the adhesive had
been properly applied to all bonding surfaces, there were volds between the
layers of adhesive, indicating that the pocket skins were not sufficiently
pressed against the sides of the spar. Since the observation had already
been made during assembly that the adhesive became tacky if steps 3 and k4
took % hour or more, it was concluded that the adhesive was not fluid
enough to flow under the bonding fixture pressure.

The blades containing the two unacceptable pockets were repaired with re-
placeable pockets by a Sikorsky repairman utilizing the same instruction
procedures used by the Army team. The times of steps 3 and U4 for each
pocket were noted to total 15 minutes. After the pockets were cured, in-
spectors performed the coin-tapping operation and did not detect any voids.
Prior information on installation of pockets on proof load and fatigue
specimens indicated that up to 25 minutes could be allowed before any
noticeable voids result. As a safety factor, however, it was recommended
that a pot life of 20 minutes be inserted into the instruction manual.
That is, the time from the start of adhesive mixing to the time the bonding
fixture is placed in position should be & maximum of 20 minutes instead of
30 minutes, as specified in the instruction manual.

This adhesive mixing was accamplished by removing the two-part contents of
the adhesive from the package instead of mixing the two camponents prior

to removal from the package. A corner is snipped from one end of the knead-
ing package. Using a spatula provided with the packege, the adhesive or
catalyst is squeegeed into a plastic cup. The package is reversed and a
corner is snipped from the other end, and the squeegeeing operation is re-
pected. The adhesive and catalyst are then mixed in the cup with the
spatula. The total squeegeeing and mixing time is 2 minutes. This should
allow sufficient time in the remaining 18 minutes to apply the adhesive to
all components and to install the bonding fixture.

Even though the field-replaceable pockets had some bond voids in most pock-

ets installed, the blades were whirled for performance and endurance runs
for approximately 50 hours. Examination by inspection found no further
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bond separation after whirling, indicating the excellent peel strength of
the adhesive.

It was also determined during this evaluation that a tabbing tool would be
required for pockets replaced in the trim-tab area. This is a simple tool
that can be fabricated for use in the field.

FIELD 1NSTALLATION

Twenty replaceable pockets were installed in the field at Fort Wainwright
and Fort Fustis as noted by Table 10. Results of field evaluation of these
blades are discussed under Field Flight Evaluation.

It was noted during the field installa’ion that some additional improvements
could be made to provide better pocket-to-spar bonding by making the fol-
lowing changes/additions:

1. Remove the strips of masking tape applied to the pocket leading edge
and adjacent sides after sanding, cleaning with alcohol, and adhesive
application but prior to placing pocket on blade. Also, apply two
layers of masking tape to leading outside edge of new pocket before in-
stalling new pocket on it.ade. These changes would provide better con-
tact between bonding fixture and pocket flange during bording operation.

2. 1Install backup plates to present side tubes of bonding fixture or re-
place with larger tubes to obtain greater force ia bungee cords to in-
crease pressure on bonding area. Also, provide softer durometer sili-
cone rubtber pads on side tubes to better conform pads to contour of the
blade, thus obtaining more uniform distribution of pressure. Finally,
provide straps around leading edge of the blade to secure to both side
tubes to prevent movement of tubes during curing operation.

3. Provide 60-gram packs ¢f adhesive instead of 50-gram packs to prevent
"skimping" and stretching" of adhesive when backwall spacers are re-
quired. Also, change the present adhesive to a two-peckage system,
with the adhesive in a metal container and the catalyst iu a small vial.
Mixing would be in the metal container, eliminating the possibility of
spillage, eliminating leakage between the dam of the present adhesive,
and removing the requirement of the plastic cup (a separate mixing
container).

These minor changes should enhance bonding procedure and eliminate some of
the bond voids encountered.
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FIELD FLIGHT EVALUATION

FLIGHT RESULTS

A 6-month flight evaluation of the field-replaceable pockets was con-
ducted under Contract DAAJ02-T3-C-0076. The flight evaluntion was part of
a development program being conducted to provide rotor tlade pc~kets which
could be replaced at field level by Army maintenance personnel. It con-
sisted of field installation by Army personnel of 35 pockets on 9 CH-54B
rotor blades. Fifteen pockets were installed at the Sikorsky plant and
ten pockets were installed at each location of Fort Eustis, Virginia and
Fort Waiuwright, Alaska.

A total pocket time of approximately 1360 hours was accumulated without
incident over a 5-month period at Fort Wainright. The highest time on
any one pocket was 80 hours. During this time period the temperature
range wes +200F to -50°F and the aircraft flew at varying gross weights
up to 47,000 pounds.

Two of the Fort Fustis pockets were found to be partially disbonded after
accumulating approximately 16 and 6 hours. Total time for all pockets was
epproximately 250 howrs

As a precautionary measure, all nine flight rotor blades containing the
experimental pockets were removed fram aircraft (four blades at Fort
Eustis, Virginia and five blades at Fort Wainwright, Alaska).

POCKET EXAMINATION

Based upon examination of the Fort Eustis rotor blades and by performing
laboratory small specimen pc~el tests, it was concluded that the EA 9203
primer normally coated directly to the anodized surface of the pocket skin
had been applied over pocket surfaces inadvertently coated with undetected
EA 9202 primer. The EA 9202 is the primer base used for assembling pocket
stringers to pocket skins. When the EA 9320 adhesive was used to bond on
the experimental pockets to the blade spars, the EA 9202 primer beneath the
EA 9203 primer became the weak link causing separation of the two pocket
skia flanges from the spar,

This conclusion was based on numerous laboratory peel specimen tests con-
ducted at Sikorsky Aircraft. It was possible to duplicate the same low peel
strength end shiny surfaces associated with the two disbonded pockets by
making peel specimens with EA 9203 primer coated over EA 9202 primer, bond-
ing the specimens with EA 9320 adhesive and performing peel tests on these
specimens.

Other tests were performed to corroborate the present system of EA 9203
primer and EA 9320 adhesive used for bonding the field-replaceable pockets
to the blade spar. It was reaffirmed that high peel strengths could be
obtained with EA 9203 primer and EA 9320 adhesive provided that the

EA 9203 primer was properly placed on the anodized panels, the primed
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surfaces were wiped clean with cheesecloth soaked with ethyl alcohol and
EA 9320 adhesive was placed on the clean panels.

Further specimen tosts showed that the EA 9203 primer was sensitive to
improper bonding procedures and resulted in poor peel strengths when:

a) the surface of the primer was not cleaned with ethyl alcohol; b) the
surface of the primer was contaminated by dirty or soiled cheesecloth;
¢) dry cheesecloth, juproperly soaked with ethyl alcohol scuffed the
primer surface; and d) the primer was contaminated with fingerprints
from handling without gloves. These tests indicated that significant
care is required since any of the above could cause poor installation in
the field. The results of these tests are shown in Table 1l.

Because of the sensitivity of the EA 9203 primer, additional specimen tests
were performed with three other primer/adhesive materials to develop a
tougher base for the EA 9320 adhesive; i.e., & system which would be less
susceptible to handling, contamination, etc. Tests were performed with EC
1290 primer and combinations of EA 9202 primer and precured EA 9602.3 ad-
hesive acting as an adhesive base. These materials were found to be un-
suited with EA 9230 adhesive because of low peel strengths. Other tests
utilizing EC 1290 primer and AF 6 precured adhesive as a base coat for the
EA 9320 adhesive produced excellent results. This combination (EC 1290/
AF 6) is presently used to bond production pockets to production CH-54B
rotor blades. The results of the investigation for a new primer base are
shown in Table 12.

Peel specimens with this combination of EC 1290 primer/AF 6 precured
adhesive and EA 9320 adhesive were fabricated under various conditionms.
Some specimens were assembled without cleaning and others were purposely
contaminated with fingerprints and soiled cheesecloth. All specimens
produced high peel strengths. Tests conducted at both 300°F and 350°F
cure showed slightly higher values for the 350°F cure (see Table 13).

There are other advantages of the EC 1290 primer and AF 6 adhesive. The
AF 6 adhesive, which is applied over the EC 1290 primer, is covered with
a nylon peel ply during its cure cycle of 300°F for 1 hour € vacuum
pressure equivaler® to 15 psi. The removal of the nylon peel ply from
the AF 6 adhesive after cure serves as a good inspection test of the AF 6
bonded to the pocket skin because the strength of the nylon to adhesive
bond is almost as high as that of adhesive to pocket skin bond. Another
advantage is that the AF 6 adhesive is clearly visible, being a yellowish
brown color, and its presence or lack of presence is easily detected on
the pocket. Since the proposed EC 1290/AF 6 adhesive system is already
a production system used for bonding CH-54B pockets to spars, the fatigue
strength of the proposed system will be comparable to production.

RECOMMENDATION

Based on the advantages of this new primer system, it is recommended that
EC 1290 primer and AF 6 precured adhesive be utilized as the base for

EA 9320 adhesive and that pockets with this new design be installed and
flight tested at Fort Eustis.
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COST ANALYSIS

An analysis was performed to estimate the savings to the Army if replace-
able pocket kits were available in the field. A cost compariscn was made
of:
a) blades returned to Sikorsky Aircraft strictly for pocket r~epair
b) the same blade; retained and repaired in the field by Army
maintenance personnel
The cost comparison wus based on Sikorsky's repair data for CH-54A/B
rotor blades for the years 1972 through 197T4. Most of the data available
vas for CH-54A blades since there is not sufficient field experience yet

with the CH-54B for the 3-year period. The following analysis was
performed:

1. One hundred fifty-nine blades were returned for the 3-year period
to the contractor's overhaul and repair facility for an annual
average of 53 blades.

2. Forty-eight blades were returned (strictly for poccket repair)
over the 3-year period, for an annual average of 16 blades.
These 16 blades could have remained in service had field-replace-
able pockets been available.

3. One huudred sixty-nine pockets were replaced in the 3-year period.
This does not include additional pockets which were removed
because of abrasion strip replacement. Currently, a main blade
abrasion strip repl._.ement automatically requires the removal
of four pockets because of the bonding tools clamping arrangement
to the spar. 1In this report, this automatic pocket removal
has not been considered. Only pockets necessitating replacement
due to field damage have been considered. The average annual
number of pockets replaced per blade at the contractor's facility
was 3.5 pockets (169/48 = 3.5).

4. The number of pockets required per year in the field to effect
pocket repair is equal to (3.5)(16), or 56 pockets. The average
number of pockets required per year to supply the Army's inventory
with a 90% confidence is 66 pockets.

5. Cost of one field bonding fixture

6470-10052 $200.00
Cost of one pocket kit including pocket,

spacers, adhesive etc. $200.00
Man-hours to replace one pocket (average) 1

6. No change in maintenance man-hours per flight hour at the
organizational level of maintenance is anticipated. An increase
of approximately .003 maintenance man-hour per flight hour is
anticipated at the direct support level of maintenance, which

is negligible.
1.0 hour to replace 56 pockets
19,229 flight hours

= .003
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(19,229 hr = average flight hours per year)

Aircraft availability should improve due to reductions in down time
related to lack of spare blades. A quantitative estimate of this
parameter cannot be determined.

T. Cost to Army per Year for Sikorsky Factory Pocket Replacement
a. $ T0.00 per blade, preparation for shipment to CONUS

$ 171.00 per blade, surface shipping to NONUS (8,000 mi.)

$ 500.00 per blade, shipping container

$ 131.00* per blade, shipping from the West Coast to
Sikorsky

$2,265.00** per blade, repair charge at Sikorsky

% 131.00 per blade, shipping from Sikorsky to West Coast

$ 976.00  per blade, air shipping 8,000 mi. (average)

$L 244 Total cost of a blade returned to Sikorsky factory

NOTE: * Shipping cost by truck is $16.38 per 100 1b with a
10,000-1b minimum. Blade and container weigh 800 1b.
##% Repair zost is 1973-19T4 negotiated contract nwrice for
repairing one CH-5L4A/B blade.

b. Average of 53 blades per year returned over the last 3
years = 53 ($h,24L) = $224,932 per year cost to repair at
the factory.

c. Cost of 16 spare blades which would not be required if blades
could have remained in the field (16)(13,075) = $209,200.

d. Total cost per yewr for factory repair

$224,932 Repair Cost
%20%,200 Blade Spare Cost
434,132 Cost for Factory Repair
8. Cost to Army perYear With Field-Replaceable Pockets
a. $ 5.00 per pockec-military labor for pocket replacement
(1.0 hrs @ $5 per hr)
$200.00 per pocket - kit
$205.00 Total cost per pocket
b. Average of 56 pockets replaced per year in field =
56 ($205.00) = $11,480.00
36 field bonding kits required =
36 ($200.00) (assuming six xits
at six different bases) = $ 7,200.00
6 Tabbing tools required =
(6) ($300) (assuming six
kits at six different bases) = $ 1,800.00
Shipping cost of pocket for 8,000 -

mi. = 56 ($1.50) =$ 8400
Backup spare pocket inventory of

10 pockets - 10 ($200.00) = $ 2,000.00
Shipping cost of spare pockets =

10 ($1.50) =$ 15.00
Total cost per year for field

pocket replacement $22,579.00
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c. An average of 53 blades per year has been returned for the
lagt 3 years for repair at the contractor's facility, but
with field-replacesble pockets only an average of 37 blades
per year would be repaired at Sikorsky Aircraft =
37 ($h2hk) = $157,028.

d. Total cost per year with field-replaceable pockets

$ 22,579 Pocket field cost

%15:[,028 Repair cost

179,607 Cost for field repair
9. ©Savings Per Year to Army

$43k,132 Factory cost
179,607 Field cost
254,525 Savings per year

It must be noted that the largest percentage of the savings is a result of
the need for fewer spare blades. Of the total savings per year, the
greatest impact is the requirement for 16 less spare blades; therefore,the
total savings can fluctuate drastically, depending upon the activity and
usage of the CH-S54B aircraft.
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CONCLUSIONS

Results of all ground tests covering proof load, fatigue and whirl tests
have proven the structural integrity of the EA 9320 adhesive system and the
EWR 38633 pocket assembly.

The proof load pockets tested under various environmental conditions were
considerably higher than the ultimate proof load requirement of 565 pounds
established under Reference 1. The average load of the field-replaceable
pocket was close to 1200 pounds.

The fatigue tests indicated that the fatigue strength of the EWR 38633
pocket was superior to the production pocket and that the EA 9320 adhesive

was as good as the AF 6 production adhesive.

The whirl tests established that aerodynamic performance was not affected
by the out-of-balance caused by the installation of field-replacesble
pockets on blades. The 25 hours of endurance whirling also showed that the
adhesive bond voids obtained during installation of field-replaceable
pockets at Sikorsky had little or no additional separation, upon examina-
tion, after completion of whirling.

Flight tests conducted at Sikorsky Aircraft demonstrated that up to 17
pockets could be flown without decreasing blade life. The controllability

and vibrational levels remained the seme as a standard CH-54B aircraft.

Thirty-five field-replaceable pockets were flown at Fort Eustis, Virginia
and Fort Wainwright, Alaska. Two of these pockets became partially
separated during flight test. Investigation of the two disbonds revealed
the need for improving the bonding procedure. Additional field-replacesable
pockets, with an improved method of surface preparation of the pocket skins,
have been fabricated for further evaluation on CH-54B blades in the field.

A cost comparison was conducted for repairing the current CH-54 helicopter
main rotor blades using factory support and the candidate main rotor blade
with field-replaceable pockets. Based on Sikorsky repair data for the
years 1972 through 1974, a savings of approximately $250,000 per year can
be realized when field-replaceable pockets are incorporated in the Army
inventory.

It is therefore concluded that the field-replaceable pockets are both
structurally and economically suited for field evaluation,
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RECOMMENDATION

It is recommended that EWR 38633 pockets with the improved primer system
be installed on rotor blades and flight tested at Fort Eustis. Pockets

should be inspected every 10 hours until 100 hours have accumulated. At
the completion of the 100 hours of testing, pockets should be subject to
same inspection as production pockets until blades are returned for over-

haul.
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ADHESIVE PROOF LOAD TEST PLAN

PROOF LOAD REQUIREMENTS

Proof Load Test Quantity

Sikorsky Aircraft will perform a total of 17 proof load tests consisting of
3 production and 1k replaceable pockets to demonstrate the static strength
of the replaceable pocket with the selected adhesive. Proof testing will
be done with the #2 pocket with backwall spacers on CH-54B spar sections.
The #2 pocket is chosen because it is the most outboard pocket requiring a
backwall spacer and is subjected to the highest aerodynamic loads. The 17
proof load specimens consist of the following tests:

a) The first three proof load spar specimen tests will utilize pro-
duction pockets with the selected adhesive.

b) The next three proof load specimen tests will utilize replaceable
pockets with the selected adhesive and having the unsupported skin
at the spar backwall uncoated with the selected adhesive. Refer
to Detail A of Figure A-l.

c) The next three proof load specimen tests will utilize replaceable
pockets with the selected adhesive and having the unsupported skin
at the spar backwall coated with addjitional paste adhesive. Refer
to Detail B of Figure A-1.

d) The next six replaceable pocket proof load specimen tests, with the
selected adhesive, will be utilized to evaluate effects of chemical

heat packs on the selerted cdhesive cure time. Refer to Chemical
Heat Packs Test Plan, Appendix B.

e) The last two proof load specimen tests will utilize replaceable
pockets with the selected adhesive to determine feasibility of re-
placing a replaceable type pocket.

The proof load spar sections will be bonded with production pockets per
production procedur:s and then have the pockets removed to expose the re-
sidual adhesive for subsequent bonding of replaceable pockets with the
selected adhesive. The replaceable pockets will be bonded to prepared
spar sections and the necessary spacers with the selected adhesive.

Proof-Load-Pocket-to-Spar Bonding

A1l pockets will be bonded to spar sections in a replaceable pocket fix-
ture. The adhesive will be the selected adhesive utilizing an ambient
temperature curing system mixed per the manufacturer's recommendations.
Curing of the adhesive will be at ambient temperature and humidity except
as noted for the chemical heat pack evaluation.
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Pocket Proof Load Tests

Test Conditioms

(a)

Proof load tests of the pocket-to-spar bond specimens shall be
conducted at prevailing ambient temperature and humidity atmos-
pheric conditions. '

Test Equipment

(a)
(b)
(e)
()

SL65B-1032 Stutic Proof Load Fixture.

SLGNB 1089-L49 Support Assembly Jig Fixture.

Riehle Tensile Testing Machine (60,000-1b capacity).
Dial Indicators.

Quality Assurance

(a) Measurement equipment listed above shall be subjected to normal

periodic calibration.

Test Connections

(a)

(v)

(c)

(d)

Attach the support assembly Jjig fixture to the spar 1/4 in, beyond
each edge of the pocket on the blade specimen.

Place the test assembly between the compression heads of the
Riehle testing machine.

Position the pad assembly of the static proof loed fixture over
the upper pocket surface of the blede specimen as shown in Figure
A-2. Pad marked trailing edge will be located nearest the trail-
ing edge of the pocket.

Connect the dial indicator to the pocket trailing edge to measure
deflection under load.

Test Procedure

(a)

(v)
(¢)

(a)

Apply the load gradually to the pad assembly in increments of 100
pounds until the required design proof load is reached. Proof
load requirements were established under Reference 1., The ulti-
mate proof load on Pocket #2 was 565 pounds.

Maintain design proof load for 3 minutes.

Measure deflection at 100-pound increments and design proof losd.

Release load and conduct a visial examination to determine exis-
tence of any evidence of fracture or permasnent deformation (plot
dial indicator readings for permanent set determination).
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(e) Reapply and increase load on the specimen until fracture occurs
or until the specimen no longer sustains additional load.

Evaluation of Results

(a) Comparison of proof loads between production and field replace-
able pockets.

(b) Determine mode of fracture for each specimen.
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"Wiffle-Tree"
Loading Fixture
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